Arthritis is the leading cause of disability in the United States,^[@bibr10-1941738114539911]^ and osteoarthritis (OA) is the most common form of arthritis.^[@bibr15-1941738114539911]^ Twelve percent of adults at least 60 years of age have symptomatic knee OA,^[@bibr20-1941738114539911]^ and 1 in 2 individuals may develop symptomatic knee OA within their lifetimes.^[@bibr16-1941738114539911]^

Intra-articular injection of hyaluronic acid (HA), also known as viscosupplementation (VS), has demonstrated efficacy in the treatment of painful knee OA.^[@bibr8-1941738114539911],[@bibr11-1941738114539911]^ Seven VS products are available in the United States, consisting of sodium hyaluronate/hyaluronan/hyaluronic acid^[@bibr23-1941738114539911],[@bibr26-1941738114539911],[@bibr32-1941738114539911],[@bibr45-1941738114539911],[@bibr55-1941738114539911]^ or hylan G-F 20.^[@bibr54-1941738114539911],[@bibr56-1941738114539911]^ Viscosupplements have been approved by the US Food and Drug Administration for use in patients whose painful knee OA has responded inadequately to conservative nonpharmacologic measures and simple analgesics (eg, acetaminophen).^[@bibr23-1941738114539911],[@bibr26-1941738114539911],[@bibr32-1941738114539911],[@bibr45-1941738114539911],[@bibr54-1941738114539911][@bibr55-1941738114539911]-[@bibr56-1941738114539911]^

While OA has been typically regarded as a disease in older age, posttraumatic OA frequently occurs in a younger population.^[@bibr14-1941738114539911]^ More than half of individuals with an anterior cruciate ligament (ACL) or meniscal tear are diagnosed with OA within 10 to 20 years.^[@bibr42-1941738114539911]^ Currently, 12% of those with symptomatic OA have posttraumatic OA, and treatments cost more than \$3 billion in the United States alone.^[@bibr33-1941738114539911]^

Pain and decreased function can hinder a patient's ability to fully participate in, and therefore benefit from, physical therapy. To the degree that VS reduces pain and improves patient function, it may facilitate participation and adherence to a physical therapy protocol. Increased activity and physical therapy, in turn, are likely to improve the OA patient's functional outcome. Data support the benefit of adding VS to physical therapy or exercise for painful knee OA.^[@bibr52-1941738114539911],[@bibr58-1941738114539911]^

Efficacy and Safety in Knee Osteoarthiritis {#section7-1941738114539911}
===========================================

A Cochrane review^[@bibr8-1941738114539911]^ and pooled analysis of data from 76 randomized controlled trials supported the efficacy (ie, reduced pain and improved function) of VS in knee OA (see Appendix, available at <http://sph.sagepub.com/content/suppl>).^[@bibr1-1941738114539911][@bibr2-1941738114539911]-[@bibr3-1941738114539911],[@bibr9-1941738114539911],[@bibr13-1941738114539911],[@bibr17-1941738114539911],[@bibr19-1941738114539911],[@bibr21-1941738114539911],[@bibr22-1941738114539911],[@bibr28-1941738114539911],[@bibr31-1941738114539911],[@bibr34-1941738114539911],[@bibr35-1941738114539911],[@bibr41-1941738114539911],[@bibr44-1941738114539911],[@bibr46-1941738114539911],[@bibr50-1941738114539911],[@bibr53-1941738114539911],[@bibr57-1941738114539911],[@bibr66-1941738114539911]^ Pain improved from 28% to 54% and function from 9% to 32% at 5 to 13 weeks postinjection compared with baseline.^[@bibr8-1941738114539911]^ The most recent review found a moderate benefit of VS for pain reduction (effect size \[ES\], −0.37; 95% CI, 0.46 to −0.28) compared with placebo or no intervention.^[@bibr49-1941738114539911]^ A 2012 meta-analysis found a 40% to 50% reduction in pain when using VS compared with a placebo.^[@bibr18-1941738114539911]^ Comparing by time point in a previous meta-analysis, VS was found to be efficacious as early as 4 weeks (ES, 0.31; 95% CI, 0.17-0.45), peak at 8 weeks (ES, 0.46; 95% CI, 0.28-0.65), and still be effective at 24 weeks (ES, 0.21; 95% CI, 0.10-0.31).^[@bibr7-1941738114539911]^

Efficacy of VS was comparable with that of nonsteroidal anti-inflammatory drugs (NSAIDs; 6 trials) and lasted longer than intra-articular corticosteroids (10 trials).^[@bibr8-1941738114539911]^ While intra-articular corticosteroids generally have a more immediate effect, VS has a longer lasting effect.^[@bibr11-1941738114539911],[@bibr12-1941738114539911],[@bibr24-1941738114539911]^

Side effects with VS are predominantly local and transient, such as pain and/or swelling at the injection site or in the injected knee.^[@bibr11-1941738114539911],[@bibr38-1941738114539911],[@bibr62-1941738114539911]^ The incidence of local side effects in 16 randomized, placebo-controlled studies evaluating the 5 VS products approved in the United States was 0% to 12.8% per patient and 0% to 2.8% per injection with HA compared with 0% to 11.8% per patient and 0% to 2% per injection for hylan G-F 20.^[@bibr11-1941738114539911]^

A large short-term safety study of 4253 patients with knee OA found that local, treatment-related side effects occurred in 4.2% of patients and 2.4% of hylan G-F 20 injections.^[@bibr38-1941738114539911]^ Most side effects were mild (21.4%) to moderate (40.3%) in severity.^[@bibr38-1941738114539911]^ One serious side effect was reported (severe swelling and synovial fluid accumulation).^[@bibr38-1941738114539911]^ Similarly, a longer term, 5-year retrospective review reported the incidence of local pain and swelling as 5.2% per patient and 1.2% per injection (n = 1047 patients, 1489 knees; hylan G-F 20, single practice).^[@bibr62-1941738114539911]^ Most of the local side effects were mild to moderate in nature, with severe local events (pain and swelling) occurring in 1.2% of patients and 0.3% of injections.^[@bibr62-1941738114539911]^ All local side effects resolved spontaneously or with aspiration and/or corticosteroid treatment.^[@bibr62-1941738114539911]^

In general, the incidence of local side effects with VS is comparable with that of intra-articular steroid therapy^[@bibr12-1941738114539911],[@bibr24-1941738114539911]^ or saline injections.^[@bibr3-1941738114539911],[@bibr9-1941738114539911],[@bibr53-1941738114539911]^ Rates of cardiovascular and gastrointestinal (GI) side effects with VS are also similar to those observed with controls.^[@bibr27-1941738114539911]^ Additionally, the incidence of GI side effects is lower with VS plus conventional therapy than with conventional therapy alone.^[@bibr48-1941738114539911]^ In a prospective health outcomes trial, patients with knee OA were randomized to conventional therapy alone or with hylan G-F 20.^[@bibr48-1941738114539911]^ Fewer patients in the VS + conventional therapy group took medications for the GI tract compared with patients in the conventional therapy alone group (*P* \> 0.01).^[@bibr48-1941738114539911]^

Some systematic evaluations of local side effect incidence with repeat treatment do not show an increase in local pain and swelling with repeat courses of multiple- or single-injection therapy.^[@bibr17-1941738114539911],[@bibr47-1941738114539911]^ However, a large case series^[@bibr63-1941738114539911]^ reported an increase in the incidence of local side effects with repeat courses of therapy.

Analysis of synovial fluid from the knees that developed swelling or pain after VS injection found no evidence that these local side effects were related to infection, inflammation, allergy, or the formation/presence of crystals.^[@bibr61-1941738114539911]^ No long-term clinical sequelae were associated with local side effects.^[@bibr61-1941738114539911]^ Patients with skin diseases or infections in the injection area or those with known hypersensitivity to hyaluronan preparations should not be treated with VS.^[@bibr23-1941738114539911],[@bibr26-1941738114539911],[@bibr32-1941738114539911],[@bibr45-1941738114539911],[@bibr54-1941738114539911][@bibr55-1941738114539911]-[@bibr56-1941738114539911]^ In addition, VS products derived from chicken combs should not be used^[@bibr45-1941738114539911]^ or should be used with caution^[@bibr55-1941738114539911],[@bibr56-1941738114539911]^ in patients with allergies to avian or avian-derived products (eg, eggs, feathers, or poultry).

Finally, development of local side effects after injection does not appear to affect the clinical efficacy of VS.^[@bibr62-1941738114539911]^ Knees in which local side effects developed and to which 3 injections of VS were administered (n = 50) showed the same pattern of physician-rated improvement (visual analog scale) as the overall treatment population.^[@bibr62-1941738114539911]^

A 2012 systematic review and meta-analysis analyzed safety as a secondary outcome.^[@bibr49-1941738114539911]^ While VS was associated with an increased risk for flare-ups (relative risk \[RR\], 1.51; 95% CI, 0.84-2.72), this risk was not statistically significant, but may be clinically significant. Significant increased risk with VS use was found with local side effects (RR, 1.34; 95% CI, 1.13-1.60) and serious side effects (RR, 1.41; 95% CI, 1.02-1.97).^[@bibr49-1941738114539911]^ No differences were noted between VS and placebo when comparing side effects.^[@bibr49-1941738114539911]^

Patient Selection {#section8-1941738114539911}
=================

Viscosupplementation may be prescribed for those who have failed traditional medicinal management or have contraindications to the use of NSAIDs.^[@bibr5-1941738114539911],[@bibr43-1941738114539911]^ Long-term NSAID therapy has been associated with cardiovascular, GI, and renal adverse events, limiting their usefulness in patients at elevated risk for these complications.^[@bibr4-1941738114539911],[@bibr25-1941738114539911],[@bibr37-1941738114539911],[@bibr40-1941738114539911],[@bibr67-1941738114539911],[@bibr68-1941738114539911]^ Older age is a risk factor for NSAID-related GI adverse events,^[@bibr67-1941738114539911]^ and OA is more common among older adults. Other risk factors for GI adverse events with NSAIDs are a history of ulcer or GI complications; concomitant use of low-dose aspirin, oral corticosteroids, or anticoagulants; higher NSAID dose or use of more than 1 NSAID; and a serious concomitant condition.^[@bibr40-1941738114539911],[@bibr67-1941738114539911]^

Patients with a history of, or other risk factors for, cardiovascular or renal disease may be more likely to develop NSAID-associated side effects affecting these systems.^[@bibr4-1941738114539911],[@bibr25-1941738114539911],[@bibr37-1941738114539911]^ Cyclo-oxygenase 2 selective inhibitors reduce the risk of GI side effects^[@bibr39-1941738114539911],[@bibr40-1941738114539911]^ but are associated with increased risk of cardiovascular adverse events, including myocardial infarction, stroke, heart failure, and hypertension.^[@bibr4-1941738114539911]^ Nonselective NSAIDs also have been associated with risk of myocardial infarction and other cardiovascular events.^[@bibr60-1941738114539911]^

Viscosupplementation may be prescribed for those who have failed therapy with intra-articular corticosteroids. Corticosteroid use has been associated with joint degradation.^[@bibr51-1941738114539911]^ A systematic review of corticosteroids for knee OA found a benefit for corticosteroid use for 1 week, but after the first week, the benefit was not significant compared with placebo.^[@bibr29-1941738114539911]^ Corticosteroids are useful for short-term relief of knee OA pain, but other treatment options are needed for longer pain relief.^[@bibr29-1941738114539911]^

Viscosupplementation may be prescribed for those who are not candidates for, or who refuse, total knee replacement. There is some evidence to suggest that VS may delay total knee replacement.^[@bibr64-1941738114539911]^ In a report from a single center, among total knee replacement candidates (ie, Kellgren-Lawrence grade IV \[severe\] knee OA) who received hylan G-F 20, 75% of patients had not had a total knee replacement 3.8 years after hylan G-F 20; 19% (225/1187 knees) underwent total knee replacement within a median of 1.8 years.^[@bibr64-1941738114539911]^ All knees received 1 course of VS therapy (3 weekly injections of hylan G-F 20), with 44.9% receiving 2 courses of treatment and 14.3% receiving 3 courses.^[@bibr64-1941738114539911]^

A study compared patients who received HA injections for knee OA pain over 54 months for incidence and time to total knee replacement.^[@bibr59-1941738114539911]^ From a total of 183 patients, 72% (n = 131) responded to HA treatment and did not require total knee replacement for the study duration (mean follow-up, 45.6 months).^[@bibr59-1941738114539911]^ Delay to surgery was calculated at 7.7 months per cycle of HA injections.^[@bibr59-1941738114539911]^ The patients who did not require total knee replacement had 5.5 to 6.1 repeated cycles of HA injections, while patients who progressed to total knee replacement had 1.2 to 2.5 repeated cycles.^[@bibr59-1941738114539911]^ Also, a retrospective study of HA injections for knee OA pain found a delay to total knee replacement for up to 4 years, with some patients receiving 6 to 8 series of injections.^[@bibr65-1941738114539911]^ Importantly, the HA injections alleviated knee OA pain, with less than 1% of patients reporting side effects related to the HA injections.^[@bibr65-1941738114539911]^ Most of the side effects (20/26) were mild and resolved spontaneously without any medical intervention.^[@bibr65-1941738114539911]^

Viscosupplementation Compared Or Combined with Physical Therapy in Osteoarthritis {#section9-1941738114539911}
=================================================================================

Viscosupplementation and/or Physical Therapy as a Treatment for Osteoarthritis {#section10-1941738114539911}
------------------------------------------------------------------------------

Few studies have compared VS to physical therapy for painful knee OA. Patients were randomized to receive either 3 weekly injections of HA and a fourth injection at 6 months (n = 40) or physical therapy 5 times a week for 3 weeks (n = 42).^[@bibr6-1941738114539911]^ Within the VS group, patients received either hylan G-F 20 (n = 20) or HA (n = 20).^[@bibr6-1941738114539911]^ Outcomes were assessed at 1, 3, 6, 9, and 12 months.^[@bibr6-1941738114539911]^ Pain and function improved compared with baseline in both groups.^[@bibr6-1941738114539911]^ Change in range of motion and stiffness was similar in the 2 groups and not significantly different from baseline.^[@bibr6-1941738114539911]^ Improvement in pain at night and at rest was significantly greater (*P* \< 0.05) with physical therapy at 1, 3, and 6 months.^[@bibr6-1941738114539911]^ Compared with baseline scores, Western Ontario and McMaster University Osteoarthritis Index (WOMAC) pain scores showed significantly greater (*P* \< 0.05) improvement with HA at 12 months.^[@bibr6-1941738114539911]^ Four patients from the VS group reported local side effects of mild swelling, warmth, and pain at the injection site that was relieved with cold pack application.^[@bibr6-1941738114539911]^ Severe or systemic side effects were not observed throughout the study period.

Viscosupplementation During Rehabilitation Improves Outcomes {#section11-1941738114539911}
------------------------------------------------------------

Adding hylan G-F 20 to rehabilitation/physical therapy significantly reduced (*P* \< 0.01) pain and improved function in knee OA.^[@bibr58-1941738114539911]^ Patients were randomized to receive 15 days of daily physical therapy alone (n = 60 knees) or combined with 3 weekly injections of hylan G-F 20 (n = 60 knees).^[@bibr58-1941738114539911]^ Pain, stiffness, and function improved significantly (*P* \< 0.01) at 3 and 12 weeks in both groups compared with baseline.^[@bibr58-1941738114539911]^ Improvement at 12 weeks was significantly greater (*P* \< 0.05) with combined therapy.^[@bibr58-1941738114539911]^ No side effects were observed.

Viscosupplementation is Comparable With Home Exercise Therapy {#section12-1941738114539911}
-------------------------------------------------------------

A randomized study comparing the effects of HA with home exercise therapy on pain and function in knee OA (n = 102 females) found that both therapies yielded significant improvement from baseline at 24 weeks, with no significant difference between the treatments, although with the small sample size, statistical differences may not have been achievable secondary to a lack of power.^[@bibr36-1941738114539911]^ Patients with early-stage OA at baseline showed significantly greater improvement on some scales than those with late-stage OA.^[@bibr36-1941738114539911]^ Patients received 5 weekly HA injections, followed by a monthly injection until 24 weeks.^[@bibr36-1941738114539911]^ While safety was not analyzed in this study, no severe side effects were reported.

Viscosupplementation Combined With Exercise Improved Outcomes {#section13-1941738114539911}
-------------------------------------------------------------

Adding HA (weekly injections for 5 weeks) to isokinetic exercise and ultrasound (each 3 times a week for 8 weeks) for knee OA (n = 140 patients, 280 knees) led to significantly greater (*P* \< 0.05) improvement than exercise or exercise + ultrasound.^[@bibr30-1941738114539911]^ Patients were randomized to isokinetic exercise only; exercise + ultrasound; exercise, ultrasound and VS; or to a control group.^[@bibr30-1941738114539911]^ At 1 year, range of motion, pain, disability, ambulation speed, and muscle power showed significantly greater improvement with triple therapy compared with controls and the other treatment groups.^[@bibr30-1941738114539911]^ Of the 140 patients, 12 patients withdrew from the study; 9 withdrew because of intolerable knee pain from the prescribed exercises and leg muscle weakness.^[@bibr30-1941738114539911]^

Viscosupplementation Added to Conventional Osteoarthritis Care {#section14-1941738114539911}
==============================================================

A prospective, randomized trial examined the impact of adding VS to conventional care of painful knee OA and supported a multipronged approach to treating OA.^[@bibr48-1941738114539911]^ Patients (n = 255) from 14 practices received conventional care as determined by the treating physician (eg, analgesics, NSAIDs, exercise, weight loss, intra-articular corticosteroids).^[@bibr48-1941738114539911]^ They were randomized to inclusion or exclusion of VS (3 weekly injections, hylan G-F 20) as an option.^[@bibr48-1941738114539911]^ Outcomes at 1 year were superior in the group receiving VS, with clinically and statistically significantly greater reductions in the WOMAC pain scale (primary endpoint; 38% vs 13% improvement, *P* \< 0.01).^[@bibr48-1941738114539911]^ Health-related quality of life measures (WOMAC stiffness, physical function, Short Form--36 aggregate physical component, and Health Utilities Index) all significantly favored the group including VS with superior scores (*P* \< 0.0001).^[@bibr48-1941738114539911]^ Patients in the VS group were significantly less likely to use NSAIDS (*P* = 0.0062) or to receive intra-articular corticosteroid injections in the knee (*P* \< 0.0001).^[@bibr48-1941738114539911]^ While the majority of patients had a side effect in both groups, only 1 serious side effect occurred in the conventional care group. A total of 38 patients in the VS plus conventional care group reported 82 local side effects within 48 hours of the VS injection.^[@bibr48-1941738114539911]^ Significantly fewer patients in the VS + conventional care group had GI side effects (*P* \< 0.05).^[@bibr48-1941738114539911]^

Conclusion {#section15-1941738114539911}
==========

Viscosupplementation may serve as an effective adjunct to physical therapy or exercise. The pain reduction and functional improvement associated with VS may facilitate participation in postinjection rehabilitation.
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